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Abstract: The main purpose of this paper was to analyze the development 
of Information and Communication Technology (ICT) in Indonesia with 
Geographically Weighted Regression (GWR) to enable the identification 
of the variability of regression coefficients in the geographical. The study 
has been conducted using the statistical data for 33 provinces in 
Indonesia. There were 3 independent variables defined during this study 
as factors that influence the development of ICT in Indonesia: location, 
economic prosperity, and education, and internet users in Indonesia has 
been defined as dependent variable. The result of this research shown the 
highly correlation between those three independent variables toward 
defined dependent variable shown by the value of R square of 0.7310782 
which means the dependent variable can be well explained by 
independent variables. 
Keywords: ICT, GWR, spatial data analysis, Indonesia 
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1. Introduction 
Information and communication technology (ICT) covers two aspects: 
information technology and communication technology. Information 
technology includes the process and use of tools in information 
management, while communication technology includes the process of 
transferring data from one device to another device. This research focused 
on the development of computing device as information technology 
devices and internet access as information communication technology 
tools used by Indonesian population in 33 provinces in Indonesia.  
Indonesia is ranked sixth among internet users in the world in 2018 with 
a population of about 123 million people accessing the internet [1]. The 
large number of the population who are connecting and accessing the 
internet with various purposes clearly indicates that internet users have 
access to the use of information technology tools such as computers, 
laptops, smartphones, and tablets. 
There are numerous studies about the development of ICT in Indonesia as 
well as the factors influence the development and deployment of ICT 
infrastructure in Indonesia. The three main factors that highly influence 
ICT development in Indonesia, namely location, economic prosperity, 
and education. The main goal of this paper is to identify ICT development 
in Indonesia using GWR model approach. This study estimates the 
distance in influencing ICT development between each province. The 
GWR model approach enables researchers to identify the correlation 
between the independent variables defined in the literature review section 
and the development and deployment of ICT process in Indonesia. The 
identification of percentages for the ICT development across the country 
is also defined in analysis and discussion section of this paper.  
This paper consists of five sections. In section two, the introduction of 
ICT in Indonesia, the factors affect the development of ICT in Indonesia, 
and spatial data are elaborated in details. In section three, methods used 
during the research are described. The methods are GWR, Inferencing 
Analysis of Geographically Weighted Regression, Goodness of Fit Test, 
Parameter Coefficient Test, and Coefficient of Determination (R Square) 
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Local. In section four, the result of analysis for ICT development in 
Indonesian is defined and well discussed. The analysis has been 
conducted using data from some organizations related to ICT in Indonesia 
and dataset sourced from Indonesia Government official website. The 
data collection includes the technology usages and education distribution 
in Indonesia. Section five is a final section that provides the summary and 
research conclusion. In this section also, the estimation parameter of 
internet users is defined based on findings formula. In the conclusion 
section, the most factor influences the development of ICT in Indonesia 
is defined and ranked based on the data analysis. This section estimates 
the highest ICT development in the future based on findings formulation. 
In addition, the future work is briefly discussed.  
2. Literature Review 
Indonesia is categorized as a very diverse country with more than 16,000 
islands across the territory with more than 300 different vernaculars, 
various education levels of population, and also diversity of ethnicity and 
cultures in each state with uneven economic level, it can be expected that 
the determinants of ICT development are diverse in the geographical 
space based in each province. This section consists of three sections: 
Information and Communication Technology (ICT) in Indonesia, Factors 
of ICT Development, and Spatial Data. 
2.1 Information and Communication Technology (ICT) in Indonesia 
Technology changes the way people communicate, it establishes the 
interaction with distance matter becomes easier and efficient. Internet not 
only connects between one person another but also one organization to 
another organization or partner. Association of Internet Service Providers 
in Indonesia (APJII) survey shown that there was a significant increasing 
amount of internet technology usage in each year in Indonesia. In past 
years, there were 132.7 million of 256.2 million Indonesian population 
who accessed the internet, 50.7% accessed the internet using mobile 
devices and computers followed by mobile devices and computers only 
4 Dwi Puspita Sari, Jamilatuzzahro, Vijay Kanabar 
Geographical Weighted Regression in Analysis of Information and Communication Technology 
Development in Indonesia 
with 47.6% and 1.7% [2]. It shows that about one-third the Indonesian 
population has an access to computer technology and internet connection. 
2.2 Factors of ICT Development 
The era of globalization and moderation cannot be avoided by countries 
in the world from various aspects of life with any positive or negative 
impacts. Positive impacts can be ease in transferring various science, 
technology, and any other beneficial knowledge from well-developed 
country to Indonesia, however the negative impacts easily arise and 
becomes harmful to Indonesia as an example of the ease of the Indonesian 
population to access the foreign countries cultures without having a 
certain filter from the Indonesian nation that is easily entered and 
influence the existence cultures [3]. Internet-connected technologies have 
changed the way people communicate such as decreasing number of face-
to-face meetings due to the widespread use of social media and 
applications that support virtual encounters. It is undeniable that 
technological advances and the use of technology wisely greatly help 
today's human's daily activities to simplify their lives and improve the 
quality of life for the better living standard.  
During this study, there were 3 main factors identified that influenced the 
development of ICT in Indonesia: location, economic prosperity, and 
education. 
2.2.1 Location 
Indonesia is a unitary state, which is a republic country that is located with 
longitude and latitude at 0.7893o S and 113.9213o E. The bandwidth of 
the radius size in geographically weighted regression method can be 
analogous to the radius of a circle, so that an area within the circle radius 
is still considered to have an influence. In this case, the territory is defined 
by the province in Indonesia. If the weights used are kernel functions, then 
the selection of bandwidth becomes very important because the 
bandwidth is used as a balance control between the suitability of the curve 
to the data and the data graduation. A considerable bandwidth value will 
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cause an even greater bias due to the over-smoothing model caused by the 
number of observations used. 
2.2.2 Economic Prosperity 
In 2017, the population of Indonesian below the poverty line is 26.58 
million people.   
 
Figure 2.1 Indonesian Poverty Percentage 
Source: Badan Pusat Statistics - Statistics Indonesia (2014) 
Gross Regional Domestic Product (GDRP) also known as a gross 
domestic product of region (GDPR) is defined as the amount of value-
added goods and services generated from all economic activities in the 
certain area. In this study, researchers used GDRP to define the 
correlation between the development of ICT in Indonesia in each 
province. The increasing amount of GDPR in each year supports the 
development of ICT in Indonesia that shown from the increasing number 
of devices purchasing in each year.  
2.2.3 Education 
In 2017, the total percentage of illiteracy in Indonesia reached 16.52% 
which is divided into 3 different categories based on population age: 4.5% 
for age younger than 15 years old, 0.94% for age in between 15 to 44 
years old, and 11.8% for age older than 45 years old [4].  
In 2014, the total formal education institutions ranging from elementary 
school to college level reach 132,407 institutions [5].  
6 Dwi Puspita Sari, Jamilatuzzahro, Vijay Kanabar 
Geographical Weighted Regression in Analysis of Information and Communication Technology 
Development in Indonesia 
 
Figure 2.2 Education Institution in Indonesia 
Source: Badan Pusat Statistics - Statistics Indonesia (2014) 
In 2017, the total Indonesian population who have completed education 
from elementary school to tertiary degree reach 305.68 million people [6]. 
 
Figure 2.3 Indonesian Education Level 
Source: Badan Pusat Statistics - Statistics Indonesia (2017) 
In this study, the education factor in each province defines as the 
percentage of illiterate Indonesians. The researchers found that there was 
a negative correlation between education and internet users in Indonesia 
that indicates the highest illiterate Indonesian in each province influence 
the number of internet users. 
2.3 Spatial Data  
Spatial data are also known as a geospatial data is a data that has a 
georeferenced reference in which various attribute data lies in various 
spatial units. Spatial data contains information about attributes and 
location information. As an illustration of the number of people infected 
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with diseases in various regions, it shows that spatial data is dependent 
data because it comes from a different location indicating a dependency 
between the measurement value and the location. 
Tobler's first law of geography in Schanbenberger and Gotway states that 
"everything is related to everything else, but near things are more related 
than distant things" which means: everything is interconnected one with 
the other, however, something closer has more influence than something 
far away [7].  
The condition of the location of the observation will be different from the 
other observation location. However, the condition of an observation site 
will have a close relationship with the adjacent observation location. 
These relationships are called spatial effects. Spatial effects arise due to 
differences in environmental and geographical characteristics between the 
observation sites so that each observation may have a different variance 
or there is a difference in the influence of predictor variable to the variable 
response for each location of observation. This spatial effect is then 
referred to as spatial diversity or spatial heterogeneity. 
A statistical method is required that anticipates spatial heterogeneity. The 
statistical method is a geographically weighted regression or 
geographically weighted regression (GWR) [8].  
Spatial coordinate variables of longitude and latitude are the variables 
used in weighing in the formation of GWR models. Longitude is a 
longitudinal line connecting between the north and south sides of the earth 
(poles) used to measure the east-west side of the coordinates of a point in 
the hemisphere. While the latitude is the transverse line between the north 
pole and south pole that connects between the eastern and western sides 
of the earth which are used as a measure in measuring the north-south side 
of the coordinate of a point in the hemisphere. 
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3. Methods 
3.1 Geographically Weighted Regression  
Geographically Weighted Regression (GWR) was first introduced by 
Fortheringham in 1967. The GWR model is the development of the 
classical linear or ordinary linear regression (OLR) model. The GWR 
model is a regression model that aims to model the continuous response 
variable by taking into account the spatial or location aspect, the spatial 
heterogeneity. Spatial heterogeneity occurs when a single independent 
variable gives unequal responses at different sites within a study area. The 
approach taken by GWR is the point approach. Each parameter value is 
estimated at each point of the observation location so that each point of the 
observation location has different parameter values. 
The geographically weighted regression model can be written as follows: 
𝑦" = 	𝛽&(𝑢"𝑣") +	, 	
-
./0
𝛽.(𝑢"𝑣")𝑥". +	𝜀",					𝑖 = 1, 2, 3, . . . , 𝑛 
𝑦"   : observation value of the i-th response variable 
𝑥". : estimated value of the k-predictor vector of the i-
location observation 
(𝑢"𝑣")  : defines the geographical location (longitude, 
latitude) at the i-th sight location 
𝛽&(𝑢"𝑣") : constants on the i-th observation 
𝛽.(𝑢"𝑣")	 : observed value of the k-predictor variable at the i-
th observation location 
𝜀"  : The i-th observational error, assumed to be N 
𝑁	~(	0, 𝜎>) 
Inferential statistics are data analysis techniques used to determine the 
extent to which the similarity between the results obtained from a sample 
with the results to be obtained in the population as a whole. Statistics of 
inference need to be done to determine whether the parameters in the 
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Geographically weighted regression model are significant or not. The 
following inferential statistical tests are applied in the GWR model. 
3.2 Coefficient of Determination (R Square) Local 
The value of determination coefficient (R Square) can be used to predict 
how big contribution of free variable influence (X) to the dependent 
variable (Y) provided that test results in regression analysis are 
significant. 
R square values are formulated as follows: 
𝑅> = 1 −	A
∑ 			 (𝑦" − 𝑦C")>
∑ 					 D𝑦" − 𝑦"E
>FG
𝑛 − 1
𝑛 − 𝑝 − 1
I 
with 
𝑦" : observation response to – i 
𝑦 : average 
𝑦C" : prediction response to – i 
𝑛	 : number of observations 
𝑝	 : number of parameters in the model  
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4. Results and Discussion 
Over more than 16,000 islands in Indonesia, there are 6 big islands with 
the highest population among others, namely Sumatera, Jawa, Bali and 
Nusa, Kalimantan, Sulawesi, and Papua and Maluku. Among those 6 big 
islands, Jawa has the highest internet users with about 86.3 million 
population and on the other hand Papua and Maluku island has about 3.3 
million population. 
 
Figure 4.1 Internet Users in Indonesia 
Source: APJII 2016 
To model internet users’ estimation in Indonesia that was influenced by 
three factors mentioned earlier, this study has used statistical modelling 
for each province. Linear regression method was used to measure whether 
there is a correlation between three defined independent variables and 
dependent variable. The results shown that there is less significant 
correlation between defined independent variables and dependent 
variable.  
Based on the linear modeling above, the P-Value has been defined for 
each independent variable: Gini Ratio, income per capita, and illiteracy 
level of Indonesian population. The significance level for three of the 
independent variables shown 0.0345, 0.1889, and 0.9193 respectively for 
Gini Ratio, income per capita, and illiteracy level of Indonesian 
population, and the overall P-Value is 0.007267. As the P-Value shown 
for each individual independent variable and overall variables, it shows 
that the P-Value is below than 0.05 as a result the regression cannot 
describe this model and it assumed that this model is influenced by 
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geographical location, so spatial regression modeling such as GWR is 
needed in this case. 
GWR uses bandwidth determination for the model estimation with the 
bandwidth value of 145219838. In this case, the bandwidth with criteria 
of minimum cross validation (CV) has been chosen, so bandwidth was 
gathered from minimum CV of 0.09101971.  
The feasibility test of GWR model has obtained P-value 0.04102 that is 
less than 0.05 so it is concluded that GWR model approach is the most 
suitable method to use. 
The value of R square is 0.7310782. From the output above, the R square 
is 0.7310782, the dependent variable of 73.11% can be explained by the 
independent variable. The statistics description of parameter estimation 
obtained for each province in Indonesia is shown in the table 4.1 below. 
Table 4.1 Estimation Parameter for 33 Provinces in Indonesia 
Province Intercept Gini Ratio GDRP Illiteracy  
Aceh -3160720.33 12474804 -13013.521 -553169.577 
Sumut -879355.91 5742782 36297.34 -697277.795 
Sumbar -89656.15 3407254 -12794.981 -897546.882 
Riau -1223726.48 6268264 -46321.117 -527723.299 
Jambi 1174427.01 -1513551 -166566.995 -534590.363 
Sumsel 847860.09 -1256467 -275719.709 -387130.284 
Bengkulu 112558.2 1523260 -227186.126 -671079.781 
Lampung -4163840.21 12889308 -277764.023 -437299.874 
Babel -1047205.16 3956186 -286930.737 -95141.358 
Kep. Riau -6385518.9 20175021 -186625.387 -361704.912 
Jakarta -12752256.17 36848162 -225567.617 -450397.234 
Jabar -9050225.76 28159568 -168836.061 -773919.896 
Yogya -10964820.4 33735328 -58017.87 -685310.575 
Jatim -12212724.43 36530558 3150.165 -476685.733 
Jateng -10640460.93 32663740 -72981.758 -659728.714 
Banten -14187853.08 39756180 -222711.711 28571.954 
Bali -9396722.35 28295622 -73530.2 -510474.772 
NTB -9165334.12 27376924 -79287.388 -481736.088 
NTT -4946728.38 14514857 -78110.003 -69260.554 
Kalbar -4364904.05 14210497 -174759.876 -311959.4 
Kalteng -7285211.24 22332411 -111321.862 -435497.892 
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Kalsel -8501833.19 25724486 -80314.561 -451597.262 
Kalut -4569033.37 13812070 -115185.187 -235403.103 
Sulut -1893401.06 5802634 -74881.782 -31537.374 
Sulteng -2530627.52 7792689 -113271.912 -132343.116 
Sulsel -5833721.83 17237334 -105283.46 -297559.98 
Sultengg -3185795.84 9491701 -85787.298 -133444.165 
Gorontalo -1807132.56 5697482 -85276.016 -90872.138 
Sul. Barat -3882982.75 11753460 -85763.692 -165078.04 
Maluku -2153115.04 6418001 -51569.274 10552.715 
Mal.Utara -1188427.67 3784704 -37122.973 -1763.505 
Pap.Barat -1596119.61 4793267 -40344.304 16388.731 
Papua -3512679.78 10243602 -85268.917 19387.976 
The estimation for internet users in each province in Indonesia calculation 
can be formulated based on this formula. The formula for internet users 
for each province is written as follow: 
Y = Intercept + Gini Ratio (A) + GDPR (B) + Illiteracy(C) 
APJII survey shows that 65% of internet users in Indonesia is in Jawa 
Island where the capital city of Indonesia is located. It has been identified 
that there is about 83% population in Jakarta has an access to the internet. 
There is 8.48 million Indonesian population who have access to the 
internet from about 10.2 million of the population [9] [10]. Jakarta capital 
territory is divided into six sub-territories: North Jakarta, South Jakarta, 
West Jakarta, East Jakarta, Central Jakarta, and Kepulauan Seribu Island. 
This study focused more on Jawa Island and more specifically to DKI 
Jakarta province as a capital city of Indonesia. Based on the formulation 
above, the estimation formula for internet users in DKI Jakarta is written 
as follows: 
Y = -12752256.17 + 36848162(A) + -225567.617(B) + -450397.234(C) 
Where the variable A is an estimation parameter of Gini Ratio, B is an 
estimation parameter of GDPR and C is an estimation parameter of 
illiteracy using GWR modeling. 
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Based on the most recent data for 2017, Gini Ratio of DKI Jakarta is 
0.409, GDRP is -6.183 and Illiteracy is 0.08. From the formula above, the 
estimation of internet users can be defined by plugging the value of each 
variable.  
Y = -12752256.17 + 36848162(A) + -225567.617(B) + -450397.234(C) 
Y = 12752256.17 + 36848162(0.409) + -225567.617(-6.183) + 
450397.234(0.08) 
Y = 12752256.17 + 15070898.26 + 13946845.576 - 36031.77872 
Y = 41733968.23 
Jawa island consists of six provinces: DKI Jakarta, Jawa Barat, DI 
Yogyakarta, Jawa Timur, Jawa Tengah, and Banten. In 2017, the statistic 
report has shown that there are about 86.3 million people who access the 
internet in Jawa island. From the formula above, the estimation of internet 
users in the next 10 years can for each province calculated by plugging 
the numbers of Gini Ration, GDRP, and illiteracy. The estimation is 
shown in the table below:  
Table 4.2 Estimation Internet Users for Jawa Island 
Province Estimation of Internet Users 
DKI Jakarta 41733968 
Jawa Barat 28826422 
DI Yogyakarta 28221221 
Jawa Timur 30940032 
Jawa Tengah 29900349 
Banten 27914325 
Total estimated users 187536317 
The estimation calculation has shown that the estimation of users in Jawa 
Island will be double in upcoming years which indicates the development 
of ICT is rapidly developing in the future.  
14 Dwi Puspita Sari, Jamilatuzzahro, Vijay Kanabar 
Geographical Weighted Regression in Analysis of Information and Communication Technology 
Development in Indonesia 
Conclusion and Future Work 
The study objective was to find whether the correlation between defined 
three independent variables affect independent variables where there are 
spatial factors between those variables. The study result found that the 
most factor influences the development of ICT in Indonesia is economy 
prosperity that shown from the strong correlation of 0.5411 between the 
internet users in each province and economy prosperity. The R square 
shows a significant result that is 0.7. GWR is a predictive model for 
spatial case used in this research to estimate the correlation of 
technological developments for each province by three factors are 
education, economic prosperity and illiteracy. Each factor influences 
independent variable with different estimation of each province in 
Indonesia.  
The future work for this research will be focus not only to Jawa island 
where the highest amount percentage of internet users located, but also to 
other 5 biggest island in Indonesia including Sumatera Island, Kalimantan 
Island, Sulawesi Island, Bali and Nusa Island, and Papua and Maluku 
Island. The future work also will define more independent variables that 
might affect the development of ICT in Indonesia. 
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